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Purpose: Individual measures of health literacy are not feasible for administration on a large
scale, yet estimates of community-level health literacy in the US recently became available.
We sought to investigate whether community-level health literacy estimates are associated
with the initiation of oral antihyperglycemic agents (OHA) and the use of standard pre-
ventive care services among older adults with newly diagnosed diabetes.
Patients and methods: We conducted a retrospective cohort study of 169,758 patients,
≥65 years old with hypertension and newly diagnosed type 2 diabetes using 2007–2011 data
from the Center for Medicare and Medicaid Services Chronic Conditions Warehouse. We
examined the relationship between community-level health literacy estimates and initiation
of OHA, receipt of flu shots, eye exams, Hemoglobin A1c tests, and lipid tests within 12
months post diabetes diagnosis.
Results: Patients living in communities with above basic health literacy (vs. basic/below
basic) were 15% more likely to initiate OHA (Hazard Ratio=1.15; 95% CI 1.12 to 1.18).
After classifying the health literacy distribution as quintiles, the analysis revealed a dose–
response relationship with OHA initiation that plateaued at the third and fourth quintiles and
declined at the fifth quintile. Individuals residing in communities with higher health literacy
were more likely to participate in preventive care services (relative risk ranged from 1.09 for
lipid test [95% CI 1.07–1.11] to 1.43 for flu shot [95% CI 1.41–1.46]).
Conclusion: Community-level health literacy estimates were associated with the initiation
of OHA and uptake of standard preventive care services in older adults. Community-level
health literacy may help to inform targeted diabetes education and support efforts.
Keywords: health literacy, diabetes mellitus, adherence, preventive care
Introduction
Diabetes has become a global epidemic affecting 366 million people, including almost
29 million in the US, or 9% of the US population.1,2 The elderly are disproportionally
affected by diabetes: in the US, more than a quarter (11.2 million) of persons 65 years
of age and older have diabetes.2 Approximately 71% of US adults with diabetes also
have hypertension, a common comorbid condition.2 Patients with both hypertension
and diabetes are at considerably increased risk for mortality and morbidities, especially
cardiovascular diseases. Timely use of antihyperglycemic agents and standard preven-
tive care is important among these high-risk patients to prevent diabetes complications
Correspondence: Gang Fang
Division of Pharmaceutical Outcomes and
Policy, Eshelman School of Pharmacy,
University of North Carolina at Chapel





Patient Preference and Adherence Dovepress
open access to scientific and medical research
Open Access Full Text Article
submit your manuscript | www.dovepress.com Patient Preference and Adherence 2020:14 1–11 1
http://doi.org/10.2147/PPA.S211784
DovePress © 2020 Fang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).
Powered by TCPDF (www.tcpdf.org)
                               1 / 1
and comorbidities.3 Clinical guidelines stress the importance
of assessing medical, functional, mental, and social determi-
nants of health to improve diabetes management in older
adults.4
Health literacy, defined as one’s ability to obtain, pro-
cess and understand the information needed to make health
decisions, has been shown to influence patient health
behaviors, chronic disease self-management, and commu-
nication with clinicians.5,6 Yet challenges related to health
literacy measurement have limited investigation of the
complex relationship between health literacy, health beha-
viors and health outcomes. Commonly used individual-
level health literacy assessments can be time- and
resource-intensive; in most cases, they are not be feasible
for administration on a broad scale. As a result, most
health literacy studies have had small sample sizes and
have been underpowered to assess the association between
health literacy and treatment use/care and clinical out-
comes or endpoints.7
While generally measured at the individual level,
health literacy reflects not only individual-level skills but
also how well health systems provide services to vulner-
able populations.5,8 It can also be conceptualized as
a community-level characteristic, capturing the average
health literacy of individuals living within a specified geo-
graphic area, and may provide an alternative solution for
conceptualizing and estimating health literacy. Health
behaviors and other health-related decisions do not occur
in isolation, but are often influenced by community factors
and input. Thus, one’s community health literacy level
may also influence whether and how a patient obtains,
interprets and applies health information, as well as how
healthcare is accessed and used.
Recently, a method of estimating the community-level
health literacy of US census block groups was developed
and validated by our research team.9 The estimates of
community-level health literacy have been mapped
throughout the US.10 However, few, if any, studies have
examined the role of community-level health literacy on
patient health behaviors and outcomes. Such a study may
help provide insights on the use of community-level health
literacy as a more cost-effective mechanism for identifying
communities or neighborhoods of individuals who may be
at increased risk for complications related to diabetes,
which could help promote and target public health efforts.
Therefore, using this novel measurement approach, this
study aimed to investigate the associations between com-
munity-level health literacy estimates and the initiation of
oral antihyperglycemic agents and the use of standard
preventive care in a national cohort of older adults with
hypertension and newly diagnosed diabetes.
Materials and Methods
Data Sources and Study Cohort
The primary data sources used for this study were Center
for Medicare and Medicaid (CMS) Chronic Conditions
Warehouse (CCW) research files from 2007 to 2011,
which included all Medicare patients that met chronic
conditions criteria for type 2 diabetes for the first time in
2008 and were previously diagnosed with hypertension.
The final analytical cohort included patients who met the
following inclusion criteria: 1) had type 2 diabetes diag-
nosis in 2008 (first type 2 diabetes diagnosis was consid-
ered index diagnosis); 2) lived in the United States with
a valid residential ZIP code; 3) were 66 years of age at the
time of index diagnosis; 4) lived at least 1 day after type 2
diabetes diagnosis date; and in the 12-month baseline
period had: 5) no type 2 diabetes diagnosis; 6) no fills
for anti-diabetic medications; 7) no end-stage renal disease
(ESRD); and 8) a diagnosis of hypertension. Figure A1
shows the details of the cohort selection process.
Community-Level Health Literacy
Community-level health literacy was estimated at the US
census block group level using an approach developed by
our team.9,11 Our model was based upon work by Martin
et al, who used linear regression and data from the 2003
National Assessment of Adult Literacy (NAAL) and 2000
US Census to predict the mean health literacy score of
individuals living in a US census tract.11 The predictor vari-
ables are the same between the original model and our model
but we modified the model to predict health literacy at the
census block group level for greater precision. Specifically,
the model uses the following predictor variables: gender,
age, race/ethnicity, language spoken at home, income, edu-
cation, marital status, time in the US, and metropolitan
statistical area. We used the 2010 US Census Summary
File 1 to create the gender, age, race/ethnicity variables at
census block group level and the 5-year (2006–2010)
American Community Survey (ACS) Summary File to cre-
ate the variables of language spoken at home, income, edu-
cation and marital status at census block group level. Time in
the USAwas entered as a census tract level variable from the
ACS Summary File, as no aggregated statistics at block
group level were available for this variable. More detailed
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information on both the NAAL and the Martin et al predic-
tive model has been published elsewhere.8,11
Figure 1 presents the map of the estimated community-
level health literacy in the US.10 The interactive map can be
accessed from http://healthliteracymap.unc.edu/. Patients
were geo-coded using their residential ZIP code from the
Medicare beneficiary summary file to a specific US census
block group and then linked to the corresponding commu-
nity-level health literacy estimate. A Census block group is
generally defined to contain between 600 and 3000 people.12
The predictive model generates health literacy estimates that
are consistent with scores used by the 2003 NAAL.8 Patients
with the NAAL health literacy score ≤225 are described as
having “basic or below” health literacy level, indicating that
they have difficulty obtaining, processing, and understanding
basic health information and services.8 Thus, the community
health literacy estimates were categorized according to the
2003 NAAL criteria of “above basic” (score >225) and
“basic/below basic” (score ≤225). We also used the quintiles
of the distribution of estimates to categorize community-
level health literacy, with the lowest referencing the lowest
community-level health literacy estimates. The distribution
of community-level health literacy estimates for our cohort
and the description of the cut-off points for the quintiles are
shown in Figure 2.
Patient Characteristics and Covariates
Patient age, race/ethnicity, and sex were identified using
the 2008 CCW beneficiary summary file. The status of
being in Medicare Part D prescription benefit gap (dough-
nut hole) prior to incident type 2 diabetes diagnosis was
created using Part D claims files. Patient baseline charac-
teristics and clinical conditions were assessed from the
CMS medical service claims files during the period of 12
months prior to index type 2 diabetes diagnosis. We
included comorbidity levels as measured by the Charlson
comorbidity index13 and other medical conditions
described previously in the literature.14 Diabetic complica-
tions noted during the index type 2 diabetes diagnosis,
such as renal, ophthalmic, neurological, peripheral circu-
latory, ketoacidosis, hyperosmolarity, coma, and other
unspecified manifestations, were also measured.
Outcomes
The first outcome of interest was length of time between
the date of new type 2 diabetes diagnosis and the initiation
of any oral antihyperglycemic agent (OHA). Initiation of
OHAwas defined as the date of the first OHA prescription
fill and was measured from Medicare Part D event files.
The second outcome was the use of the following standard
preventive care services within 12 months post type 2
Figure 1 Map of estimated community-level health literacy in the US.
Note: Reproduced from Health Literacy Data Map. US Health Literacy Data Map. Chapel Hill: University of North Carolina at Chapel Hill, 2019. Available from: http://
healthliteracymap.unc.edu/.10
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diabetes diagnosis: flu shots, eye exams, hemoglobin A1c
(HbA1c) tests and lipid tests.3 We used Medicare Part
B institutional and non-institutional claims to identify pre-
ventive care use based on published algorithms.15
Statistical Analyses
We compared patient characteristics by the dichotomized
community-level health literacy categories of “above
basic” and “basic/below basic” and by quintiles of the
community-level health literacy estimates. We used the
method of absolute standardized difference (ASD) to eval-
uate the extent of the difference in the prevalence of
patient characteristics between patients living in the neigh-
borhoods with the lowest quintile of community-level
health literacy and patients living in those with the highest
quintile.16 A value of ASD greater than 10 approximates
alpha <0.05 and suggests a significant difference between
the comparison groups.
To assess the association between community-level
health literacy and time to initiation of OHA, we applied
a proportional hazard regression model with death as
a competing risk.17 The model estimated both the unad-
justed associations (hazard risk) between community-level
health literacy and the outcomes, and the adjusted associa-
tions by controlling for patients’ demographic and clinical
characteristics. The follow-up period for the time to initia-
tion of OHA outcome began on date of the index type 2
diabetes diagnosis and was censored administratively at
the end of study period (Dec 31, 2011) or on the first day
of the month when the patient was no longer enrolled in
Medicare Part D program, whichever occurred first. To
account for clustering of patients within census block
group, we used a robust sandwich estimate approach to
estimate robust standard errors.18 We also compared the
cumulative incidence curves by quintiles of the commu-
nity-level health literacy estimates and also used the Gray
Figure 2 Distribution of mean community health literacy estimates in a cohort of hypertensive Medicare patients, newly diagnosed with diabetes.
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test to evaluate the differences in cumulative incidence
between groups.19 We calculated the cumulative incidence
of OHA initiation at 1 year after the index new type 2
diabetes diagnosis.
To assess the association between community-level
health literacy estimates and the use of preventive care
services, we used a sub-cohort of patients who survived at
least 12 months post index diabetes diagnosis. We applied
a modified Poisson regression model with robust error
variance to estimate risk ratios (relative risk) to model
the probability of receiving each of the preventive care
services within 12 months post index diagnosis.20 We
chose this modified Poisson model, rather than survival
analysis, to analyze these outcomes as we sought to relate
community-level health literacy to patients’ behavior to
seek preventive care in general, instead of by timing,
which could be affected by having received these services
in the not too distant past. Additionally, clinical guidelines
do not specify precisely how soon patients should receive
these services post diagnosis, but rather how often (i.e.,
fasting lipid profile to be measured annually).3
In sensitivity analyses, we assessed whether controlling
for primary care physician shortage in local areas affected the
association between estimated community-level health lit-
eracy and the investigated outcomes. Primary care physician
shortage in local areas was measured by two county-level
variables from the Area Resource File (2009–2010 Release):
one indicating if the whole county was designated as
a shortage area; the other, indicating if parts of the county
were designated as shortage areas.21 We used SAS version
9.4 for all analyses. The study was approved by the
University of North Carolina at Chapel Hill Institutional
Review Board.
Results
Of 340,563 hypertensive Medicare patients newly diagnosed
with diabetes in 2008, 169,758 met our eligibility criteria. Of
these, 149,555 (88.1%) survived at least 12 months post
index type 2 diabetes diagnosis. The mean community-
level health literacy estimate for this cohort was 241 (range
of 177–281 with a standard deviation of 15). The mean
community-level health literacy estimate for patients living
in neighborhoods with the lowest community-level health
literacy quintile (Q1) was 216, while the mean for the
patients living in the neighborhoods with highest commu-
nity-level health literacy quintile (Q5) was 259. The distribu-
tion of the community-level health literacy estimate is
presented in Figure 2. Table 1 shows demographic and
baseline clinical characteristics of our study cohort. Patients
living in the neighborhoods with the highest community-
level health literacy estimates were more likely to have
fewer comorbidities, lower rates of chronic obstructive pul-
monary disease and angina pectoris, and higher rates of atrial
fibrillation, hyperlipidemia and hypothyroidism.
The effects of the community-level health literacy esti-
mates on OHA initiation are presented in Table 2 and Figure
3. Compared to patients living in neighborhoods with low
community-level health literacy (basic/below basic or first
quintile), patients living in neighborhoods with higher com-
munity-level health literacy (above basic or second quintile
through fifth quintile, respectively) had higher rates of OHA
initiation after index type 2 diabetes diagnosis (Table 2). The
overall rate of OHA initiation at 1 year was 17.2%. The OHA
initiation rate ranged from 15.5% for patients living in neigh-
borhoodswith the lowest community-level health literacy (first
quintile) to 18.6% in the third quintile. Figures A2 and A3
show the observed cumulative incidence of initiation of OHA
across different levels of estimated community health literacy.
Figure 2 displays the estimated associations (hazard ratios)
between community-level health literacy categories and time
to initiation of OHA. Patients in neighborhoods with above
basic community-level health literacy were 15% (unadjusted,
95% CI of 1.12–1.18) and 13% (adjusted, 95% CI 1.10–1.17)
more likely to have initiated OHA. In both unadjusted and
adjusted analyses, higher levels (second quintile thru fifth
quintile) of community-level health literacy were associated
with increases in rates of OHA initiation as compared to the
lowest community-level health literacy (first quintile).
However, there was not a linear dose–response relation and
the increase plateaued at the third and fourth quintiles. The
adjusted hazard ratios for other quintiles compared to the first
quintile were as follows: second quintile (1.10, 95% CI 1.06–-
1.14), third quintile (1.19, CI 1.15–1.24), fourth quintile (1.17,
CI 1.13–1.22), fifth quintile (1.06, CI 1.02–1.10).
The effects of estimated community-level health literacy
on preventive care service use are presented in Table 2 and
Figure 4. Compared to patients living in neighborhoods with
low community-level health literacy, patients living in neigh-
borhoods with higher community-level health literacy had
higher rates of standard preventive care services within 12
months post new type 2 diabetes diagnosis. Figure 4A–D
shows the estimated risk ratios (relative risks) that quantify
the associations between different levels of estimated commu-
nity health literacy and preventive care services received
within the 12 months post diagnosis period. Patients from
neighborhoods with above basic community-level health
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Table 1 Patient Characteristics Stratified by Levels of Community Health Literacy Estimates
Characteristics (N = 169,758)
Community Health Literacy Level
(Census Block group)
Basic/Belowa Above Basica Q1 Q2 Q3 Q4 Q5 ASD
Mean Community Health Literacy Score 214.3 246.3 216.3 235.3 244.1 250.2 259.0 –
Socio-Demographics, %
Age (years)
66–74 43.6 42.1 43.2 42.1 43.5 42.5 40.6 5.3
75–84 37.6 38.1 37.8 38.3 37.4 37.9 38.5 1.4
85+ 18.8 19.8 19.0 19.6 19.1 19.6 20.9 4.9
Sex
Male 33.8 34.9 33.7 33.4 34.1 35.7 37.0 6.8
Female 66.2 65.1 66.3 66.6 65.9 64.3 63.0 6.8
Race
White 41.3 87.0 44.5 77.7 89.9 92.1 92.5 120.6
Black 33.3 6.2 31.3 11.6 4.8 3.1 3.0 81.2
Asian 8.0 3.9 8.2 6.1 2.9 2.8 2.9 23.5
Hispanic 16.1 1.8 14.6 3.1 1.3 1.0 0.8 53.6
Other 1.2 1.1 1.3 1.5 1.1 0.9 0.9 4.6
Prescription Part D benefit gap (Donut Hole) 10.6 9.8 10.7 10.5 9.5 9.4 9.7 3.2
Diabetic Complications at Index Diagnosis
Polyneuropathy 0.3 0.4 0.3 0.4 0.4 0.4 0.3 0.2
Background diabetic retinopathy 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.6
Proliferative diabetic retinopathy 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.9
Mild non-proliferative diabetic retinopathy 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.5
Diabetic macular edema 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.3
Baseline Comorbidities
Charlson Comorbidity Index
0 34.8 38.2 34.8 36.0 37.9 39.3 40.1 11.1
1–2 39.5 38.4 39.7 39.6 38.5 38.1 37.0 5.4
3–5 20.6 19.1 20.5 20.0 19.3 18.5 18.6 4.9
6–8 3.6 3.0 3.6 3.1 3.0 2.8 3.1 2.9
9+ 1.4 1.3 1.5 1.3 1.3 1.4 1.2 2.4
Acute myocardial infarction 1.8 2.0 1.8 1.9 2.0 2.0 1.9 1.3
Cancer 10.8 12.8 11.0 12.2 12.3 12.8 14.0 9.2
Cerebrovascular disease 17.7 16.6 17.8 17.5 16.4 15.9 16.4 3.8
Congestive heart failure 21.9 20.1 21.7 21.5 20.9 19.7 18.3 8.5
Chronic obstructive pulmonary disease 27.3 24.9 27.2 26.7 26.4 24.4 21.9 12.4
Dementia 11.0 8.8 11.0 9.3 8.4 8.0 9.0 6.5
AIDS/HIV 0.2 0.0 0.2 0.1 0.0 0.0 0.0 4.5
Metastatic carcinoma 1.6 1.6 1.6 1.6 1.6 1.7 1.7 0.1
Mild liver disease 3.1 2.1 3.0 2.5 2.1 1.8 2.0 6.7
Moderate or severe liver disease 0.3 0.2 0.3 0.2 0.2 0.2 0.2 2.2
Paraplegia or hemiplegia 2.7 1.9 2.7 2.2 1.8 1.8 1.8 5.5
Peptic ulcer disease 2.9 1.9 2.8 2.4 1.9 1.7 1.6 8.5
Peripheral vascular disease 20.6 18.1 20.5 18.8 17.9 17.5 18.0 6.4
Renal disease 10.9 9.8 10.8 10.3 9.9 9.7 9.2 5.4
(Continued)
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literacy were more likely to receive standard care diabetes
services than were patients from neighborhoods with basic or
below basic community-level health literacy. In the analyses
by community-level health literacy quintiles, the increases in
likelihood range from 9% (unadjusted, 95%CI 1.07–1.11) and
5% (adjusted, 95% CI 1.03–1.07) for lipid test to 43% (unad-
justed, 95% CI 1.41–1.46) and 24% (adjusted, 95% CI 1.22–-
1.26) for flu vaccination. There was a strong dose–response
association between community-level health literacy and flu
vaccination and a general trend of dose–response association
for an eye exam and lipid tests. Further, patients living in
neighborhoods with high community-level health literacy
had statistically higher chances of receiving HbA1c tests,
although this increase plateaued by the fourth quintile.
To address the concern that lower community-level
health literacy is simply a proxy for disadvantaged or
underserved areas, we conducted sensitivity analyses
that included two physician shortage area covariates
(i.e. whole or part of residential county designated as
a primary care shortage area). Results showed that the
effects of community-level health literacy on outcomes
were not affected by the inclusion of these variables
(Tables A1 and A2). The two physician shortage vari-
ables, however, were statistically significantly associated
with the initiation of OHA and flu vaccination, suggest-
ing that physician shortage areas and community-level
health literacy are capturing two distinct characteristics
of the community.
Discussion
We examined whether a measure of community-level
health literacy was associated with initiation of OHA
and other standard preventive care services for diabetes.
In our nationally representative study cohort of 169,758
Table 1 (Continued).
Characteristics (N = 169,758)
Community Health Literacy Level
(Census Block group)
Basic/Belowa Above Basica Q1 Q2 Q3 Q4 Q5 ASD
Rheumatic disease 4.5 4.2 4.4 4.2 4.3 4.1 4.3 0.5
Atrial fibrillation 9.2 14.1 9.5 12.7 13.8 14.8 15.4 18.0
Angioedema 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.5
Angina pectoris 5.3 3.7 5.2 4.5 4.0 3.5 2.8 12.0
Asthma 9.2 7.1 9.0 7.7 7.0 6.9 6.5 9.2
Coronary artery bypass grafting 0.7 1.1 0.8 0.9 1.0 1.1 1.2 4.5
Hypercalcemia 0.6 0.6 0.6 0.6 0.7 0.6 0.7 0.4
Hyperkalemia 2.5 2.4 2.5 2.4 2.4 2.4 2.4 0.7
Hyperlipidemia 54.6 60.0 54.9 58.8 59.8 60.6 61.3 13.0
Hypotension 3.9 4.2 3.9 4.2 4.1 4.0 4.5 2.7
Hypothyroidism 14.4 18.3 14.8 18.0 18.5 18.2 18.9 10.9
Ischemic heart disease 34.6 33.3 34.5 34.5 33.7 33.1 31.9 5.6
Baseline osteoporosis 13.3 11.2 13.2 11.7 10.8 10.8 11.3 5.7
Percutaneous transluminal coronary angioplasty/Stent 1.3 1.7 1.3 1.6 1.9 1.7 1.8 3.5
Rhabdomyolysis/myopathy 7.3 7.5 7.3 7.8 7.5 7.4 7.4 0.4
Sinus bradycardia/Heart block 10.0 10.2 10.0 10.1 10.1 10.3 10.4 1.1
Stroke 10.3 9.1 10.3 9.7 9.1 8.4 8.9 4.8
Unstable angina 1.3 1.2 1.2 1.2 1.3 1.2 1.2 0.6
Stage 1 chronic kidney disease 0.2 0.2 0.2 0.2 0.2 0.2 0.2 1.8
Stage 2 chronic kidney disease 0.5 0.4 0.5 0.4 0.4 0.4 0.3 2.3
Stage 3 chronic kidney disease 2.5 2.6 2.5 2.6 2.7 2.6 2.5 0.4
Stage 4 chronic kidney disease 1.3 1.2 1.3 1.3 1.2 1.3 1.1 2.1
Stage 5 chronic kidney disease 0.3 0.2 0.2 0.2 0.2 0.2 0.2 1.4
Chronic kidney disease unspecified 5.0 4.4 5.0 4.8 4.4 4.2 4.2 3.8
Hypertensive chronic kidney disease 5.2 4.6 5.2 4.9 4.4 4.4 4.4 3.5
Notes: Q: quintiles: first quintile is the lowest and fifth quintile is the highest health literacy level. aBased on the 2003 National Assessment of Adult Literacy (NAAL)
categorization of health literacy proficiencies (8) into two categories: “above basic” (score >225) vs. “basic/below basic” (score ≤ 225). ASD = Absolute standardized
difference comparing quintile 1 to quintile 5, a value ≥10 approximates α < 0.05 suggesting significant difference.
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older adults with hypertension and newly diagnosed
diabetes, 14.5% of the study cohort lived in commu-
nities with basic/below basic health literacy.8 Patients
living in neighborhoods with lower community-level
health literacy had more comorbidities and chronic con-
ditions. Compared to the basic/below basic or first (low-
est) quintile of the community-level health literacy
estimates, higher community-level health literacy was
associated with higher rates of OHA initiation and
receipt of standard preventive care services.
The association between estimated community-level
health literacy and the initiation of OHA is multifaceted,
as the association across quintiles is not linear, but convex.
Two different mechanisms may explain this pattern. First,
patients living in neighborhoods with lower community-
level health literacy may be less likely to receive timely
and appropriate care, reflecting disparities in care. This
may explain why our analysis showed increasingly higher
rates of OHA initiation from the first quintile of commu-
nity-level health literacy to the third quintile. Also, we
Table 2 OHA Initiation and Preventive Care Services by Community-Level Health Literacy
Outcomes Medication, N (%)a Preventive Care Services, N (%)
OHA Initiation Flu Vaccination Eye Exam HbA1c Test Lipid Test
All Patients 25,531 (17.2) 80,500 (53.8) 70,423 (47.1) 45,232 (30.2) 71,669 (47.9)
By community health literacy levels
Basic/belowb 3796 (15.4) 9821 (39.5) 10,834 (43.6) 6552 (26.3) 11,101 (44.6)
Above basicb 21,735 (17.6) 70,679 (56.7) 59,589 (47.8) 38,680 (31.0) 60,568 (48.6)
Quintile 1 (lowest) 4585 (15.5) 12,181 (41.0) 13,072 (44.0) 7924 (26.7) 13,337 (44.9)
Quintile 2 5126 (17.3) 15,605 (52.4) 13,829 (46.4) 8743 (29.4) 14,063 (47.2)
Quintile 3 5524 (18.6) 16,503 (55.2) 13,756 (46.0) 9394 (31.4) 14,720 (49.2)
Quintile 4 5429 (18.2) 17,736 (59.1) 14,438 (48.1) 9780 (32.6) 14,800 (49.3)
Quintile 5 (highest) 4867 (16.3) 18,475 (61.3) 15,328 (50.9) 9391 (31.2) 14,749 (49.0)
Notes: aNumber of patients initiating oral hyperglycemic agents per 100 patients at risk. bBased on the 2003 National Assessment of Adult Literacy (NAAL) categorization
of health literacy proficiencies (8) into two categories: “above basic” (score >225) vs. “basic/below basic” (score ≤225).
Figure 3 Associations between community health literacy levels and initiation of oral antihyperglycemic agents after new type 2 diabetes diagnosis.
Notes: Reference groups: Community health literacy at basic/below level; Q1 (lowest) level of community health literacy in quintiles. Based on the 2003 National
Assessment of Adult Literacy (NAAL) categorization of health literacy proficiencies (8) into two categories: “above basic” (score >225) vs. “basic/below basic” (score ≤225).
Abbreviations: HL, health literacy; Q, quintile.
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speculate that this may be a reason that patients living in
areas with lower community-level health literacy had low
reported rates of hyperlipidemia, atrial fibrillation and
hypothyroidism. They may have less screening or access
to care for these diagnoses rather than an actual lower
prevalence of these medical conditions. Second, it is
important to note that when newly diagnosed with dia-
betes, patients are first encouraged to start life-style and
diet changes for glycemic control before any initiation of
OHA. Patients living in areas with higher community-level
health literacy may not only be able to perform better self-
care and to achieve a healthier diet and lifestyle due to
their own health literacy, but such changes in self-care and
lifestyle may be reinforced and supported by those in the
broader community, such as nearby friends, family and
neighbors, who also understand the importance of such
changes. Thus, those living in communities with high
health literacy may have better glycemic control and
consequently a reduced need to initiate OHA earlier. This
may explain why the OHA initiation rate plateaued at the
third and fourth quintiles of community-level health lit-
eracy, followed by a markedly lower rate at the fifth
quintile. Future studies will be needed to identify and
understand how to overcome community-level health lit-
eracy barriers.
There was also a dose–response association between
community-level health literacy and a range of standard
preventive care services evaluated in this study. However,
the effect size and impact of community-level health literacy
estimates on the respective standard preventive care services
varied. Flu vaccination was the most affected by community-
level health literacy, followed by HbA1c tests, eye exams,
and lipid tests. Public health campaigns promoting flu vacci-
nation are widespread, including messages around its impor-
tance and where to get one. Given the extensive literature
linking individual-level health literacy to preventive care
Figure 4 (A–D) Associations between community health literacy levels and preventive care services within 12 months post new type 2 diabetes diagnosis.
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outcomes, it is reasonable to assume that more individuals in
communities with higher average health literacy understand
the importance of the flu vaccine, and not only received one,
but encourage others in their community to do the same.
Messaging around more diabetes-specific preventive care
services may not be as pervasive in the community, which
would result in less community-level knowledge and patient
support to obtain these services. More research is needed to
confirm this hypothesis and to test whether community-level
health literacy may be a stronger predictor of more popula-
tion-based health outcomes and the relative importance of
community-level to individual-level health literacy for more
specified clinical outcomes.
Other factors such as availability of health-care provi-
ders in an area may also influence treatment and standard
preventive care use. In our sensitivity analysis, it was
shown that area primary care physician shortage was asso-
ciated with both the initiation of OHA and uptake of flu
vaccination, but did not affect the association between
estimated community health literacy and the studied out-
comes. In this study, the strength of the associations
between community-level health literacy eatimates and
studied outcomes was attenuated after adjusting for patient
baseline clinical characteristics. However, it may be rea-
sonable to consider the baseline patient clinical character-
istics as intermediaries rather than confounders. Since
community-level health literacy was estimated cross-
sectionally, and patients living in neighborhoods with
low community-level health literacy had more comorbid-
ities and chronic conditions at baseline, lower community-
level health literacy could be seen as an important con-
tributor to the development of chronic conditions at
baseline.
These findings have important implications for research
and practice. First, results suggest that community-level health
literacy may be an important factor to consider in patient
education efforts. Given that it is not feasible to comprehen-
sively assess the health literacy of patients or a community on
a broad scale, community-level health literacy estimates may
provide a simpler and more cost-effective approach to identi-
fying populations, or areas, that may benefit from additional
support or education. Our team has provided community-level
estimates of health literacy for almost all census block groups
across the United States. This data is publically available, free
of charge, on a university-hosted website.10 Community part-
ners and other organizations may use this information to better
target public health efforts. Secondly, community-level health
literacy has other unique strengths from a research
perspective. Specifically, estimates can be linked to large
health-care utilization databases, providing sufficient statisti-
cal power to assess the association between health literacy and
various treatment and care services use, as well as endpoint
health outcomes. Studies that utilize this methodology may
also be able to help address important questions about the
relationship between health literacy and population health and
health policy issues, which otherwise will not be possible to
investigate in smaller-scale research studies that rely upon the
individual-level measurement of health literacy.9,11,22,23
Despite the strengths of our approach, there are limita-
tions that should be noted. The community-level health lit-
eracy variable is constructed as a mean health literacy
estimate for all residents in a US census block group and is
therefore unable to differentiate individual literacy skills
within a community. Variation in outcomes contributed by
between-individual variation within a community may be
poorly explained by variation in the community health lit-
eracy estimates. Nonetheless, our previous study shows
a good agreement between the community-level health lit-
eracy estimates and results from individual literacy
assessments.9 Additionally, individual patient health beliefs
may affect treatment use and care access. Our study did not
have measures for individual patient beliefs.
Conclusion
In summary, this study showed notable associations between
estimated community-level health literacy and the initiation
of OHA and the use of standard preventive care services in
a national cohort of older adults with hypertension and newly
diagnosed diabetes. This suggests that community health
literacy may help to inform targeted diabetes education and
support.
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